Dural arteriovenous fistula (DAVF) is rarely associated with parkinsonism. A 52-year-old woman presented with a rare case of DAVF manifesting as parkinsonism and subsequently akinetic mutism. She showed dramatic recovery after endovascular treatment. We also review 10 published reports of DAVF presenting with parkinsonism. The clinical features of these cases at presentation was more closely compatible with lower body parkinsonism or vascular parkinsonism rather than Parkinson's disease. Most lesions are located at the transverse-sigmoid sinus (TSS) with venous reflux into the straight sinus with probable venous congestion of the basal ganglia. Most importantly, parkinsonism due to TSS DAVF is reversible if embolization is achieved successfully.
Introduction
Dural arteriovenous fistula (DAVF) accounts for only 10-15% of all intracranial vascular malformations. 8) The incidence is 0.29 persons/100,000/year in Japan, 3) higher than 0.16 persons/100,000/year in Western countries. 1) DAVFs may present incidentally or with symptoms related to the location and pattern of venous drainage. Chemosis, proptosis, and ophthalmoplegia are symptoms of cavernous sinus lesions, and pulsatile tinnitus is common for transverse-sigmoid sinus (TSS) DAVF. However, DAVF is rarely associated with parkinsonism. 2, [4] [5] [6] [7] 9, 10) We report a case of TSS DAVF presenting with parkinsonism, and review 10 similar cases. 
Case Report
A 52-year-old woman had complaints of general fatigue, stumbling, urinary incontinence, and disorientation of 3 months duration. She consulted the Neurology Department because of emesis and gait disturbance. Masked face, hypophonia, short-stepped gait, and mental slowness were observed. Recent onset of depression and psychotropic medication led to a presumptive diagnosis of drug-induced parkinsonism. Computed tomography (CT) showed tight brain, and diffusion-weighted and T 2 -weighted magnetic resonance (MR) imaging revealed diffuse high intensity lesions in the deep white matter and basal ganglia (Fig. 1A) . CT with contrast medium revealed multiple vermiform enlarged cortical vessels, and she was referred to the Neurosurgery Department. Angiography showed right TSS DAVF with reflux to the straight sinus and cortical veins (Fig. 1B) . The right sigmoid sinus had a proximal stenosis; the contralateral transverse sinus was hypoplastic; the posterior third of superior sagittal sinus (SSS) had a stenosis; and the cerebral veins were severely congested. Feeding arteries were the middle meningeal, posterior auricular, occipital, and tentorial arteries, which converged to the shunt point at the posteroinferior corner of the transverse-sigmoid junction ( Fig. 2A) . Right cerebral blood flow (CBF) mainly drained to the contralateral sigmoid sinus through the cortical veins (Fig.  1C) .
One week later, on admission to the Neurosurgery Department, akinetic mutism had developed. She was bedridden and occasionally whispered. She showed marked rigidity with forced neck and forced gaze to the right. Both elbows were flexed as in the decorticate posture, with eyes open. Her husband revealed that she had complained of pulsatile tinnitus for the last 8 months. CBF study showed hypoperfusion in the basal ganglia on both sides and diffuse cortex prominent in the right occipital cortex. Repeat MR imaging revealed asymptomatic small subcortical bleedings without subarachnoid hemorrhage.
Five days later, selective transvenous coil embolization of a parallel venous channel was achieved ( Fig. 2B ) with preserved patency of the right sigmoid sinus (Fig. 2C) . Venous drainage to the contralateral hemisphere diminished immediately. Her condition improved remarkably. She regained speech the next day, and normal mentation and eating in a few weeks. The first follow-up angiography 1 month later showed disappearance of the right TSS DAVF, but a de novo DAVF at the left transverse sinus. The shunt showed retrograde cortical reflux but was very small, and the left transverse sinus was hypoplastic, so transarterial embolization was regarded to be safe and sufficient to occlude the lesion. Coil and particle transarterial embolization through the external carotid artery branches diminished the lesion. She still had parkinsonian gait and was transferred to a rehabilitation hospital. Three months later, she returned to normal life at home, despite moderate parkinsonian gait and micrographia under medication.
Three years later, MR imaging revealed diminished high intensity in basal ganglia (Fig. 3A) . Follow-up angiography showed a newly developed DAVF at the SSS (Fig. 3B) . The shunt was small and showed no cortical reflux and asymptomatic, so we continued observation. Antegrade venous flow had been preserved in the right Neurol Med Chir (Tokyo) 53, April, 2013
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TSS despite the proximal and distal stenoses (Fig. 3C ).
Discussion
DAVF cases with parkinsonism were reviewed ( Table 1) . The pathophysiology of parkinsonism has been discussed based on MR imaging and single photon emission computed tomography findings. Frontal white matter hypoperfusion was speculated to be responsible for parkinsonism in DAVF, 5) and this condition may be associated with basal ganglia dysfunction, rather than white matter lesions. 4) Concomitant frontal lobe and basal ganglia dysfunction may be important. 2) In previous cases, MR imaging detected white matter changes in 5 cases, and intensity changes in the basal ganglia in 4 cases, including ours. Review suggests that the pathogenesis of parkinsonism due to DAVF is heterogeneous. However, the clinical features of these cases at presentation were more closely compatible with lower body parkinsonism or vascular parkinsonism 11) rather than Parkinson's disease. History of tinnitus or bruit is suggestive of DAVF-related parkinsonism. Typical angiographical features of this condition include the location of the DAVF at the TSS, reflux into the straight sinus, and probable venous congestion of the basal ganglia. Three unsuccessful treatments were reported in a case of transarterial embolization without attempted transvenous embolization in a comatose patient (Case 4), 5) in a case of delayed diagnosis with diffuse cerebral atrophy with thrombosed straight sinus (Case 9), 7) and in a case of multifocal distal shunt points at the SSS (Case 10). 7) On the other hand, reversibility seems possible even after 12 months from onset (Case 5). 4) Therefore, it is important to recognize that parkinsonism and dementia due to DAVF is reversible if embolization is achieved successfully. In our case, sinus stenoses were multiple and future de novo DAVF was possible, so selective transvenous coil embolization of the venous pouch preserving the normal dural sinus was performed, and that was advantageous for improving venous congestion, restoring normal venous drainage, and for preserving the access route of transvenous embolization for future de novo lesions. In summary, although rare, DAVF is a potential cause of parkinsonism and severe akinetic mutism, which can be reversed by appropriate and timely endovascular treatment.
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